6. Summary of daily ground-water production and mean daily volume-weighted chloride-ion concentration at municipal well fields, Saipan, October 1998 . 
INTRODUCTION
Saipan, the largest of 14 small islands that make up the Commonwealth of the Northern Mariana Islands (CNMI), is located in the western Pacific Ocean at latitude 15°12' N. and longitude 145°45' E. (fig. 1 ). The island is about 12 mi long, ranges in width from 2 to 6 SJ mi and has an area of 48 mi . Saipan is elongated in the northeast-southwest direction and Mt. Tagpochau is the highest point on the island at 1,555 ft. The population of Saipan is about 65,000 and the population density and commerce are greatest along the western coast region. The central uplands and eastern side of Saipan remain more rural.
The island consists of a volcanic core overlain by younger limestones. From axial uplands in the middle three-fourths of the island, the land steps down to the sea in a succession of nearly horizontal limestone terraces that are separated by steep scarps (Cloud and others, 1956 ). Ground water is pumped from limestone aquifers throughout the island and pumping is concentrated in southern Saipan.
Municipal water on Saipan is supplied by the Commonwealth Utilities Corporation (CUC). In 1998, the CUC served most of the population with water from 127
Introduction 1 production wells, 3 developed springs, and a rain-water catchment system at the airport. About an equal number of privately owned wells are scattered throughout Saipan for light industries, irrigation, and tourist-related businesses such as resorts and golf courses. The average permitted pumping rate for a private well is 30 gal/min (Joe Kaipat, Commonwealth Department of Environmental Quality, oral commun., 1998).
In 1988, CUC began a cooperative project with the U.S. Geological Survey (USGS) to study and describe the water resources on Saipan and to develop and maintain a hydrologic data network. Operation of the hydrologic data network includes the collection and compilation of rainfall, ground-water, sea-level, and surfacewater data.
Purpose and Scope
This report presents the 1998 rainfall, groundwater, sea-level, and surface-water data that were collected and compiled for Saipan. The report contains the following:
Rainfall monthly rainfall at 8 stations monthly mean rainfall of all stations and departure from mean monthly rainfall
Ground Water daily mean ground-water levels at 6 monitoring wells with digital recorders monthly ground-water levels at 6 monitoring wells measured monthly vertical profiles of chloride-ion concentration at four deep-profiling monitor wells ground-water production from 127 municipal production wells in October 1998 mean daily chloride-ion concentration by well field in October 1998 quarterly chloride-ion concentration from 127 production wells 
RAINFALL
Records of rainfall on Saipan indicate a seasonal distribution and a mean annual rainfall of 80.27 in. (van der Brug, 1985) . The dry season usually is from about January through May and droughts are frequent. A wet season occurs from about July through November and June and December are transitional months. Heavy and prolonged rainfall usually are associated with tropical depressions and typhoons that pass near or over the island.
Rainfall data are compiled from 8 rain gages located throughout Saipan ( fig. 1 ). The gages are owned and operated by the EMO, CPA, or the USGS. Monthly rainfall on Saipan for all stations in 1998 are displayed in table 1 and in figure 2. Monthly mean rainfall for Saipan (determined by averaging the monthly rainfall from all stations) and departures from mean monthly rainfall (van der Brug, 1985) are shown in table 1 and in figure 3.
Total rainfall at Saipan stations in 1998 ranged from a low of 34.18 in. at the CPA Tower rain gage to a high of 53.04 in. at the EMO Base gage. Departure from the mean annual rainfall at Saipan stations ranged from about -27 to -44 in. (table 1 
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Figure 3. Monthly mean rainfall of all Saipan stations and departure from long-term mean monthly rainfall, Saipan, 1998. during the wet season months of July through November. About 70 percent of the total rainfall occurred during the wet season months.
GROUND WATER
Ground-water data include pumpage, water levels, and chloride-ion concentrations. Saipan has 127 production wells that are unequally divided into 15 well fields (plate 1). Present (1998) names and status of Saipan municipal wells and developed springs; and previously used well names and identification numbers are shown in table 2. Ground-water production data are from October 1998. Ground-water level data are from six continuously recording monitor wells and from six wells that are measured monthly. Production wells are sampled and analyzed quarterly for chloride-ion concentration.
Pumpage
Water for the municipal supply is pumped and distributed by the CUC. About 95 percent of the water supply for the island comes from ground water. In 1998, 127 production wells were active continuously. Municipal well fields on Saipan are grouped into three regions, referred to as the southern, central, and northern well fields (plate 1). Ground-water pumpage data for October 1998 are shown in tables 3,4, and 5. Pumpage data are shown by individual well and by well field. Daily production at each well was determined by multiplying the instantaneous meter reading in gallons per minute by 1,440 minutes per day; this method of estimating daily pumpage is considered reasonable over short time periods because all production wells are operated continuously. A summary of daily groundwater production is shown in table 6. Municipal groundwater pumpage in early October 1998 for the entire island was about 11.15 Mgal/d. Pumpage from the southern Saipan well fields accounted for about 57 percent of the total municipal ground-water production.
Water Levels
Ground-water levels are measured by the USGS at six monitoring wells equipped with digital recorders ( fig. 1 ). The recorders measure water levels to the nearest 0.01 ft at 30-minute intervals. Daily mean groundwater levels at the recording monitor wells are shown in figure 4. An additional six monitoring wells are measured about monthly ( fig. 1) . Monthly ground-water data and levels are shown in figure 5. Ground-water levels were 0.5 to 5 ft above mean sea level at wells OB-MW1, IF-MW1-5, KG-MW2, KG-MW3, and AM-MW1 (figs. 4 and 5). Ground-water levels ranged from about 11 to 15 ft at KG-MW1 and from about 380 to 410 ft at AG-MW1 (fig. 4) . Water levels at KG-MW1 and AG-MW1 were highest in January and February.
Chloride-Ion Concentrations
Chloride-ion concentration data are reported for production wells and monitor wells. In this report, chloride-ion concentration is used as a quantitative measure of salinity. A chloride-ion concentration of 250 mg/L is the secondary maximum contaminant level (SMCL) under secondary drinking-water standards (U.S. Environmental Protection Agency, 1991). Secondary standards are not enforceable limits, but instead establish goals for constituents that may affect the aesthetic qualities of drinking water, such as taste or color. For comparison, the chloride-ion concentration in seawater is about 19,200 mg/L.
Chloride-ion concentrations of water from production wells are analyzed quarterly by the CUC (table 7) . Chloride-ion concentration data for October 1998 are shown with production-well data from the same time period in tables 3, 4, and 5. A summary of mean daily volume-weighted chloride-ion concentration at municipal well fields in early October 1998 is shown in table 6. The mean daily volume-weighted chloride-ion concentrations are calculated by adding the products of daily pumpage and chloride-ion concentration for every sampled well in the well field, and then dividing that sum by the total daily pumpage for those wells. The volume-weighted chloride-ion concentrations account for pumpage and weights chloride-ion concentrations from those wells which pump more or less water.
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Ground Water 25
As Specific conductance was measured by the USGS throughout the water column in four deep-profiling monitor wells ( fig. 1 ) using a down-the-hole sampler. The samples were analyzed for chloride-ion concentration by the CUC laboratory. Vertical chloride-ion concentration profiles of the deep-profiling monitor wells are shown in figures 6 through 10.
SEA LEVEL
The sea-level station at the Saipan sea port in Tanapag Harbor is operated by the UHSLC (fig. 1) . Sea level is measured in millimeters at 15-minute intervals using a digital recorder. The sea-level data collected by the UHSLC are referenced to an arbitrary datum located at the station tide staff zero. The datum is linked to a local network of fixed benchmarks in the vicinity of the station. In May 1999, a leveling survey was conducted between USGS benchmark TAMl and UHSLC benchmark UH1. In this report, the UHSLC sea-level data are referenced to the mean sea level established by the USGS in 1969 from 29 days of tidal observations (T.A. Moye, 1969 , unpublished data from files in USGS Saipan field office).
Ocean tides at Saipan are semidiurnal, meaning that there are two high tides and two low tides each day. The mean tidal range is about 2.3 ft (T.A. Moye, 1969, unpublished data from files in USGS Saipan field office). Daily and monthly sea levels at the Saipan sea port are shown in figure 11 and in table 8. The highest monthly mean sea level of 1.43 ft relative to mean sea level occurred in August. The lowest monthly mean sea level of 0.69 ft relative to mean sea level occurred in January. The highest daily mean sea level of 1.61 ft occurred on August 13. The lowest daily mean sea level of 0.56 ft occurred on January 5 and also on March 22 and 23.
PARTIAL-RECORD SURFACE-WATER STATIONS AND SPRINGS
Surface-water data collected during 1998 include intermittent discharge measurements at South Fork Talufofo Stream, Donni Spring, Achugao Spring, and Tanapag I and II Springs, and periodic stage measurements at Lake Susupe ( fig. 1 and tables 9 and 10) . Measurements of streamflow at the South Fork of Talufofo Stream ranged from 0.02 ft3/s on June 23 at 9:10 a.m. to 0.26 ft3/s on May 21 at 1:20 p.m. The average discharge at a streamflow gaging station at the same location on the South Fork of Talufofo Stream (USGS station number 16801000) for the period between 1971 and 1987 was 1.36 ft3/s (Izuka and Ewart, 1995) .
Discharge measurements at Donni Spring ranged from 0.16 ft3/s on May 21 at 12:15 p.m., to 0.43 ft3/s on September 16 at 10:20 a.m. (table 9 ). Three discharge measurements at Achugao Spring were made in 1998 (table 9). Six discharge measurements at Tanapag I and II Springs were made in 1998 (table 9). Discharge measurements at Tanapag Springs ranged from a low of 0.13 ft3/s on June 29 at 8:20 a.m. to a high of 0.31 ft3/s on August 6 at 8:00 a.m. Flow from Tanapag I and II Springs are combined by the CUC into one outlet pipe; thus, the discharge measurements are a sum of flow at the two springs. Stage measurements were made 10 times in 1998 at Lake Susupe (table 10) . The stage at Lake Susupe ranged from 0.77 ft above mean sea level on June 8 at 9:54 a.m. to 2.45 ft above mean sea level on October 26 at 11:00 a.m. 
